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Although the existence of dinitrogen tricxide has long been assumed, 
wery little is known of ite properties. Theoretically, diaitreges tri- 
oxide ip the sabydride of aitreus acid. It is net very stable and de- 
composes extensively sven at room temperature te give an equimolar nixture 
of HOg-,0, ead HO. When om equimolar mixture ef NO and WO, is condensed, 
& blue liquid which comsiste ef 20, with endoubtedly some disselved 10 
and W0y-H,0, end which boils at about 3.5°C (6) is obtained. the Liquid 
solidifies when tempersture is reduced to about -163% (8). The deiling 
ead freesing points are kagm ealy approximately, 

the investigation of physical propertios of H,0, hee been limited 
by the instability of this oxide. A study of the equilibrive between aitric 
oxide, sitregen diexide and dinitrogen trioxide in the gas phase has been 
performed by several investigators (1, 2, 13) over a wide concentratica 
tenge at several temperatures. 

8,0, (gas) = BO (ges) + WG, (ges) (3) 
Varheock and Daniels (13) found that 499g,° and 4 8° for the cesction 
were «441 cal. and 10.3 Keal. cospectively. the velues of the equili- 
brium constent Kp depended upea the pressure since the gases were not 
perfect. Reed and Lipscomb (11) obtained the X-ray precession and 
Weiseenberg photographs et -115°C, and found that the unit cell of 
Mg, containing 32 molecules was tetragonal with « = 16.4% ead ¢ = 8.864, 
They alee indicated that a crystal phase transition appeared te eccur at 
about -125°C below which tempersture the X-ray petteras euggested 0 
disordered structure. However, they were not able to determine the 
geometry of this molecule. 


The infrared spectrum of 10-H02(N,0,) in the gas phase has been 
etedied by D°Or and Tarte (3). They found six new bands from the spectra 
of WO and WO, gas mixture. They alse suggested the existence of N-N bond 
in che 3,0, molecule from the similarities among the spectra of N203, 
Wy, and 1,0,. Snyder and Hissteune (12) first obtained the infrared 
absorption spectra of solid 8,0, at -180°C in the course of their study 
of solid N20. They reported five absorption bands for solid 8,0, and 
also indicated that the absorptica maxima of seme bands hed a tendency 
te shift or change their shape on warming the sample, but they did net 
give the characteristics of the bande or any deteiled explanations about 
the spectrum of 105. 

Two entirely different structures have been proposed for 203. 


oxt-om0 (1) uno, (11) 


The structure I has long been accepted as en anhydride of nitrous acid 
but ite configuration was first propesed by Liefer (7) in 1940. the 
structure II was proposed by Ingold and Ingold (6) in 1947. Liefer 
showed that if ordinary NO was mixed with WO, made fron nitrogen rich 
in w'5, there was « quick exchange of isotopes, evidently through the 
auhydride, which could decompose in two symmetrical ways: 


wo + gio, = omlSo = mm, + nl% (2) 


Furthermore, Pauling (10) suggested that the presence of like formal 
charges on adjacent atoms such as in structure II made it less stable 
than the anhydride form 1. ‘This suggestion agreed well with the chenical 


evidences. Ingold and Ingeld, however, have presented arguments which 
etrongly supported the structure 11. ‘They pointed out that the wmeually 
long N-H bond distances in ¥,02 and 20, molecules in the crystalline 
stete, which had been detersined by K-ray studies, sight be rationalized 
im tems ef the formal charges on the two adjacent atoms. Recently, 
extensive work on the infrared spectre of frozen exides of nitrogen et 
liquid helium teaperature has been performed by Fateley, et al. (5). 
They have prepesed ea important evidence ict, at this temperature, 3,0; 
molecule can exist either as its stable form ON-BO, (structure II) or as 
ite eestable form OWONO (Structure I) depending on tha experimental 
conditions, end thoes two species exhibit slightly different absorption 
patterns, 


Although the infrared absorption spectra of simple aitregen oxides, 
i.e. aftreus oxide, nitric oxide end nitrogen diczids, are well known, 
spectral data on the higher oxides of nitrogen such se dizitrogen tri- 
ouide, dinitrogen tetroxide, dinitrogen pentoxide, and nitrogen trioxide 
(05) are not readily available. 

The perpose of the present work was toe obtain « reliable infrared 
| ghsorption spectrum of diaitcosen tricnide in the selid phase in the 
neighborhood of the reported phasa transition temperatere of 125% 
(11) and to observe the phase transition of %0, by the difference in 
their infrared absorption spectra. 


Since dinitrogen trioxide was very unstable, chemically reactive, 
and had a lew boiling point, the study of its infrared absorption 
epectrum required a high wacuums system, a lew temperature apparatus, 
and special handling techniques. 


Apperatus 


dhe Yaouum Line: A glass vacuum line with a two stage, eir- 


-‘ee0led, of] diffusion pump (Consolidated Vacuum Core. Model GF-20a 1292) 


was used is this work. The diffusion pump, which was filled with 
Dow Corning Ho. 704 Silicone fluid, was eble to produce « pressure 
of less than 10°‘mn lig under sormal operation conditions. All traps 
and jointe on this line were lubricated with Dow Corning Silicone high 
eaposures to nitrogen dicuide. However, extended exposures to this 
gas destroyed the vacuum seals in the taps ead joints. therefore, taps 
en storage bulbs for nitrogen dioxide were lubricated with Helecarbea 
high temperature vacuum grease. This lubricant had s tendency to 
frec se se that it wes net suitable fer taps which were used often. 
The vacuum line consisted essentially of twe sections, one for the 
preparation and the purificeiiva of samples, and the ether fer the transfer 
of samples into infrared absorption cells. the preparation line ves 
made similar to thet described by Wightingele et ai. (9). ‘The transfer 
line was designed co that samples could be introduced inte cither s gas 
cell or low temperature cells. A large mercury colwan was connected to 


the line with « 16/9 ball joint couple so thet it could be reneved for 
cleaning. This provision wae necessary because the mercury often became 
soutasinated with nitrogen oxides. Small semplee of aitregen oxides © * 
agua preseure could be made im the calibrated bulb which was attached 
te the line between the mercury column end the call censections. Whea 
e@ large amount of en oxide was required, the preparation was carried 
ent in the preperation line. 

Tae Low Temperature Solid Call: The cell bedy was wade of Pyrex 
atound a pair of 71/60 standard taper joiats. The tubing of the wale 
joint was extended te form the lower cell bedy as shown in Plate i-A. 
Short sections of 45 om o.d. tubing were connseted te the lower section, 
and the edges ground fiat fer the optical windows. For sample iatre- 
‘duction a 4 wn bore high veows tap followed by shout 6 on of 25 um 0.4. 
tubing was sealed perpendicularly to the optical path. A tap of the 
same bere was counected te the upper part of the cell fox evacuation 
purpess. 

The female joint formed the compartment for the refrigerant es 
shows in Plate I-3. The 14/35 standard taper female joint at the top 
wae for therseccuple outlets. A sturdy, copper-te-glass seal vas 
attached to the lower ead of the central tubing. ‘The metal cooling 
block was then connected te this copper tubing. After the glass cell 
body wae fabricated, the large joints were carefully ground with 600 
grade carborunémm. This grinding prevented the joints from freesing 
when liquid aitrogen was iatreduced inte the iamer tube. 

The metal parts for the cooling bieck are shown in Plate II, A 
and 3 were made fros a 5 nm thick sheet of either aluminium or copper, 
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and ¢ from @ 16 an 0.4. copper rod. The connector C was soft-soldered 
@izectiy te the tip of the copper-te-gless seal. The surfaces on the 
aluminium plete which were exposed te the nitroges oxides or which ¢.:.° 
im contact with sazple window were coated with Teflon resin. A thin coat- 
tag ef Du Pont Teflon Primer for steel (Ho. 850-201) was painted on the 
surfaces, and baked et about 400% until the eoler of the costing changed 
from brown to blue-green. Three such coatings produced a geod, water- 
proof surface which wee inert toward aitrogen dioxide, Sintlar coatings 
were attempted on copper surfaces, but these surfaces were two reactive 
te suppert @ etabdle costing. The cooling block was assembled by bolting 
down plate A on B with the sample window between then. The windows vere 
33 = 50 = 4 am rectangular plates, Kir outer windows ond « silver 
chleride inner window were used for studying the spectrum from 5000 

em “! co 446 om “1, when the spectra below 440 cn “1 were taken, etl 
eptical windows were replaced with cesium bromide. 

_ &22 jeiate and taps on the cell wore lubricated with Silicone high 
vecuens grease. The outer cell windows (50 we digueter by $ am thickness) 
were attached with Apieses sealing compound 0. The sealing compound was 
welled inte a thin, long strip which wee then placed around the glase rin. 
The windows were pressed against the sealing compound and the cell evacu- 
ated, These seals were strong enough to hold heavy silver chloride or cesium 
breside windows when the cell was opened te the atmosphere. 

Temperatere Meesuremests of Semple Window: ‘The temperature of 
the cooled window was mezeured with « copper-constentan thermocouple vhose 
junction wes imbedded in the middle ef the window opposite the surface on 
which semples were condensed. The junction potentials were read by s 
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direct reading potentioneter at five-misute intervals and the potentioneter 
 peadings were converted to cent!~tade temperature according to “HANDEOOK 

OF CHEMISTRY AND PHYSICS" 36th edition. Since the Teflen coating formed 

@ geod thermal insulation, the lowest temperature attsined in this work was 
about -160%C with the aluminium plates in the cell under sormal operation 
conditions with Liquid nitrogen refrigerant, and about -170% with the 
copper plates in the cell with the seme refrigerant. 

Infxgred Spectrometer: Infrared absorption spectra of selid di- 
nitrogen trioxide end dinitrogen tetroxide were obtained with twe infrared 
epectreneters. A Perkin-Elmer 137, double beam Iniracerd spectrometer with — 
@ sodium chioride prien was used in prelimizary russ and in checking the 
concentrations. A Perkin-Elmer 112 single beam, double pass spectroneter 
with lithium fluoride, sodium chleride, potassiua brenide end cesiue 
bromide prions was used to record the spectra from 2-4 te 35. These 
prions were calibrated according te Downie et al. (4). The spectre vere 
reproducible to within the lisits shown in Table 1. 


Table 1. Spectral reproducibility 
Ee ARN SIO EAE OTR SAN INE: BEET IE TL 
Region 4000 cw! = 3000 em = - 2000 em™! )§=—s-- 1000 em! §=nelow 1000 cul 
1 t 1 t i oi t 


Ie order to eliminate iuc promewaned backgrouad absorption of atmes- 
pheric water and carbon dioxide, dried air wes passed inte the spectresster 
housing end the cell comparteent. The drying colum consisted ef four 112 en 
by 3.5 em 0.¢. glass colums which were connected in series end were filled 
with alumina. Columns were reactivated by electrical heating after every 
twenty-hour peried. 


Chemicals 


Matheson Company nitrogen oxides were used in this work. Both 
nitric oxide snd nitrogen dioxide contained cousiderable aseunt of 
impurities, i.e, free nitrogen, nitrous oxide, dinitroges trioxide, 
nitrogen dioxide (or uitric oxide) and west Likely nitric acid, so that 
the gases had to be carefully purified. 

Hiteic Guide: Witrie oxide was purified by distillation ia « 
manner somewhat similar te that described by Nightingale et al. (9). 
Witrie oxide from Natheses Company lecture bottle wae passed through a 
trap immersed in a dry ice~acetene bath, which removed higher boiling 
impurities, end condensed further dowa the vacuum line with iiquid 
mitrogen. This sauple was distilled several times until the iefrared 
spectrum showed ealy the absorption beads due te nitric exide. The mest 
Gifticult impurity to remove fron the sample was uitrous oxide es Bight- 
ingale indicated. Altheugh Wightiegale indicated that there was 20 
couvenient way of separating W20 from witric oxide completely, it was 
found that nitrous oxide can be removed effectively by using a trap 
cooled with an ethyl bromide slush, which had « temperatures of about -118%, 
betwoos the dry ice-acetone acd the Liquid nitregen traps an the vacuum 
lime. Seversl distiliations were carried out through this series of traps. 
& trace of aitrous oxide was easily detected by the strong abserptioa 
band at 2240 on™! ta the infrared epectrum of the sample. the purified 
aitric cuide condensed te give @ blue Liquid which froze to « Light blue 
grey solid. the gescous nitric oxide was colorless. 


Uitrogen Diexide-Dinitrogen Tetroxide Equilibrium Mixture: 

02-820, equilibriun mixture was purified by condensing the Matheson tank 

gas with dry ice-acetone bath and pumping out the unceadensable gases. 

The gas which condensed in dry ice-acetons trap was passed through a P3905 

dvying column several times. then, purified oxygen was added to this sample 
im erder to oxidize the dinitrogen tricnide impurity. The excess oxygen was 
then pumped eff vhile the sample was frozen out with « dry ice-acetone bath. 
the sauple was white crystalline solid when condensed with dry ice-ecetone 
bath or with liquid nitrogen. 

Dinttregen Trioxide:  Dinitrogen triczide decomposes rapidiy and ex- 
tensively at room temperature and consists, essentially, of a sixture ef NO 
and WOg-H20, with « emall equilibriun concentration of z0,. ‘Therefore, 

1. A steichionstric mixture of nitric oxide and exygen: Since the 
pressure of these gases could be measured separately with an ordinary mere 
cury manometer, a known quantity of purified aitric oxide was mixed with one- 
feusth as auch of purified oxygen. A eufficient time bad te be allowed for 
the reaction te ge to completion because this oxidation was alow. 

5 Aahubess 4f Bly SOM an atneee OF Bh: qilend By See aaly atenes 
mercury but also existed as on equilibrius mixture with 20, at ordinary 
temperatures, the exact concentration ef NO, was not determined. Therefore, 
an excess of purified NO was added to the purified NO2-%20, and allowed to 
react. 

The former method had the advantage of allowing ome te estimate the 
approximate concentration of the sample on the windew. However, the spectra 
always showed higher concentration of %20,. On the other hand, the later 
method gave spectra showing relatively high concentrations of 8204. 


General Precedure 


The cell wae first evacuated until the pressure was below 10°° an ig, 
and then liquid nitrogea wee iatroduced inte the refrigerant compartment. 
After the cold wiadew had attained equilibrium, samples of nitrogen oxides 
were introduced from s calibrated volume tubing attached to the lower 18/5 
ball joint on the cell jacket. Polycrystalline film of samples was con- 
densed onto the silver chloride or cesiue bromide window of the cell by 
means of either sublimation from the solid or e series of “shots” of the 
vapor, The lerge female joint was then rotated until the plate was per- 
pendicular to the optical path. Since these joints had been carefully 
ground, it was possible to rotate them with liquid sitregen in the cell, 
even efter more than a week of continuous use without regreasing. 

As the equilibrium studies indicated, if the 820, molecule was stable 
or, at least, ite disseciation constant became omali at lower temperatures, 
there should be a difference between the two methods of sample con- 
densation. One might expect that the sublimation asthod would give pure 
40, whereas the expansion method would result in a sixture ef N20 end 
Ng. fut the differences between these two methods of condensation were 
not apparent from their spectra. In both cases the spectra were these 
reoulting from « wixture of 8203 and B20, solids. However, when e smell 
amount of sample containing an excess of nitric oxide was condensed, « 
relatively purer 2,0, spectrum was obtained. Therefore, it was apperent 
that the 20, molecules were dissociated inte aitric oxide and aitrogen 
dioxide in the gas phase regardless of the initial states of the sauples, 
and that the solid 1,0, was deposited onto the window through collision 
between mitric oxide and nitrogen dioxide molecules at the window surface. 


i5 


When @ mixture of 8,0, and 8,0, was condensed on the cocled windows, 
the film formed was, in general, foggy at firet and changed toe « bluish 
white film as the concentration increased. If a sample so deposited was 
wersed slowly, its appearance remained unchanged until the temperature 
reached about -100%C, st which temperature the blue color disappeared ead 
the film became erystelline white. With further warming, sublimation fren 
the window cecured at about -40°C. Rovever, when pure Hg, was deposited, 
the windew appeared as clear tramepaveat blue plate. We fegging eppeared 
watil the temperature reached about -100°C at which peint the film became 
crystalline white. Such behavior confirmed thet 1ig0; molecules could exist 
28 Stable solid at below -100°C and above the temperature it decomposed 
rapidly inte #0 end 8O,. The nitric oxide then sublimed from the cold 
window to the metal block leaving NO, which dimerised rapidly into #20, 
oa the viniow. 

the windows used on the solid cell, except silver chloride, were 
attacked by the samples and nitrates were formed. Since the absorption 
bands of the nitrate fon, especially the 7.4. band, overlapped with the 
bends of the senple, whenever the blank spectrum showed sitrate bends, the 
windows vere repolished until the nitrate bends completely disappeared. It 
vas found that the oxides of nitrogen do mot react with these windows so 
leng as the temperature of the windows were below about -110°C. However, 
when the cell was warwed to remove the sample, coasiderable reaction occured 
at the surface. 


INFRARED ABSORPTION SPECTRA 
The Spectrum of Solid Dinitrogen Tetroxide 


The spectrum of pure 820, in the solid state could not be ebteined 
is this work since its spectra alvays consisted of those resulting free 
Big0, and H20,. Therefore, it was mecessary to obtain the spectrum of 
HgQ, firet in order to identify the spectrum of B20,. 

Although the infrared spectra of N20, in solid phase st -180°C have 
been reported by Suyder and Hisateuns (12) and by Wiener and Nixon (14), 
there were differences between the reported frequency valves of overtones 
and combination bands as well as of fundamental bands. Thus these data 
could not be used directly for the identification of 1,0, bands in this 
werk. Therefore, the spectra of 820, were taken under identical experi- 
wental conditions as those used for 820,. The observed absorption spectrum 
of solid 80, is shown im Plate III A end III 3, end the sbsorption mexine 
are listed in Table 2. Previously published frequency values are alae 
given for comparicen. When the strong bends at 5.394, 6.24.4, 7.69.4 
and 12.80 “ showed total absorption on the “infracerd” spectrum, that run 
wae arbitrarily called « “high concentration” run. Other runs were called 
“lewer concentration" tunes. If the temperature of the cold window was 
below -110°%C, the cun was called as a “lower temperature” run end ebove 
this temperature e “higher temperature” run. 
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Table 2. (Concl.) 


The Spectrus of Dinitrogen Trioxide 


Dinitrogen trioxide was studied in thirty separate rens, one half 
of the rene with thin films and the other half with thicker films at 
various temperatures. With every sample, at least, two spectra were 
taken guccessively. A spectrum of W20,-820, solid mixture, which wes 
taken at about -135°C is shown on Plate IV A and IV 8. 

The absorption bands, which were assigned to the species W203, were 
obtained by comparing the spectrum of 420,-%20, solid mixture with that of 
pure M0. The pecsibility of the presence of 0 in the M20;-H20, seuple 
was immediately ruled out by observing the fact that 80 has en appreciable 
vapor pressure even at liquid nitrogen temperature so that it could act 
be kept on the window. it was pessible te condense seme HO on the cold 
window of the low temperature solid cell, but it seen sublimed to the upper 
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gless section which was in direct contect with liquid nitregen. Since 
it wee found thet Dow Corning high vacuum grease dissolved in the oxides 
of aitreges and its absorptions appeared on the epectra, cereful attention 
wae paid to eliminate these absorptions from the spectra of the sample. 
The broad band ranging from 9 “4 to 114 on Plate III A end IV A which 
overlaps with the sample absorptions was identified as « bend due to 
grease. 

Hineteen bands were identified a2 W,0, absorption bands from the 
spectra of solid H205-0,. The appearances and the characteristics of 
these bands were as follows. 


Lithium Fluoride Priem Region 


The 3706 en! tend: A medium intenss absorption band appeared just 
at the region of the 2.7. water band. 12 lower concentration runs, the 
band shape was wasked by the atmospheric water absorption. lowever, 
im higher concentration runs, thie band appeared ae a symmetrical and 
harp band with moderate intensity. 

‘The 3176 ca"! Bend: Since this weak band overlapped with a fairly 
strong W270, bend at 3134 en”!, careful attention hed to be paid in its 


 fdentifiestion. This bead was well separated from the 3134 em*! HQ, band 


provided the concentration of 20, was auch higher than the concentration 
of 820%. In some runs the band appeared as « shoulder on the 3134 ca”! 
band or was hidden completely depend 'ng on the relative concentration of 


Hig, to Ny. 


he 2089 cn"! ond 2561 cn”* Bands: These bands were readily 
assigned to N03 because they were well separated from the 8204 bands 
except that the higher frequency wing of the 2889 ca“! bend overlapped 
slightly with s very week 0 band at 2925 em“), These two bends showed 
iateresting band contour chenges when the temperature was varied as 
shown in Plate ¥. In lower temperature runs, the two bends hed approxi- 
mately the same intensities end eppeared as a single broad bead with a 
slight dip on the peak. In higher temperature runs, the iatensity of 
the 2889 en! bend was greatly decreased and the ebsorption peak was 
shifted te high frequency. The seperation between these two bends was 
approximately 27 cn! io lew temperature runs and about 40 cn~! in high 
temperature rune respectively. The 2889 ea! band disappeared cospletely 
im @ spectrum teken at about -100°C. Neither the intensity change nor 
the frequency shift of the 2861 eu“! band was observed. 

The 2585 cx*! pend: This was « weak band and very close te the 
2582 em”! ua band so that it could not be resolved well. However, 
when the concentration dependence of the band was carefully studied end 
compared with pure N20, spectra, it beceme apparent that this band re- 
sulted from both 1,05 and 20, absorption. 

The 2490 cu“! Band: This was « very weak end broad band. Since 
no absorption eccured in this regien oa the N04 spectra, it was readily 
assigned to N20. The absorption peak of the band could be reproduced to 
within two wave aumbers. 


EXPLANATION OF PLATE ¥ 


The Spectra of the 2861 ca” Bend Region. 


Sample Spectrum Be. Temperature during Final 
sample condensation temperature 


Solid line %;0,-%,0,  58-5-30 ~122% -100%c 
Dash-dot Line H,0,-%,0,  38-3-26 -144%c -130% 
dashed line 0, 586-05 -140% 124% 
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Sodium Chioride Prise Regica 


The 2126 cw“! Bend: A weak band wes observed at about 2126 ca”! 
on the spectra of 205-820 mixture, The band showed significant fre- 
quency shifts es the temperature changed. The average absorption max- 
imum of the band in lower temperature runs was 2126 em™! but it shifted 
about 12 ea*! to the high frequency side in the higher temperature runs. 

The 1837 cm“! Bend: ‘the band at .1957 en! was one of the strongest 
ligg absorption band. This baad could be readily assigned to the nitric 
oxide group stretching fundamental band. In most runs, the band appeared 
a8 a single sharp band whese peak was slightly displaced to the low fre- 
quency side of the band center as shown in Plate VII. In few runs, 
unusual absorption bends were obtained as shown in Plate VI. The spectrum 
3-14 end 3-18 were actually obtained in this work while the spectrum F.5.C. 
wee taken from the unpublished work of Fateley, et al. (5) of the University 
of Minnesota. In the spectrum 3-14, which was teken at about -110°C efter 
the saeple was condensed at -128°C, the band was split inte three separate 
branches at 1886 cu"!, 1876 em! and 1848 cu“*. Im the spectrum 3-18, 
which was also taken at about -110°C after the sample wae condensed at 
-140%, the band peak shifted about 22 en“! to the lower frequency 
side and only « shoulder appeared at the original position. This 
splitting of the bend was not regularly reproduced and this peculiar be- 
havior occured only in high tenperature runs. The Spectrum F.B.C. in the 
same plate was observed by Fateley et al. at liquid helium temperature. 
They alse observed that the bands at 1900 cm”! and 1830 cum! disappeared 


EXPLANATION OF PLATE VI 


The Appearances of the 1857 cn”! and 1602 cu”! Bands. 
Semple Spectrum No. ‘Temperature during Final 


sample condensation temperature 
3-14 Hy Oy-llg®, 58 -3-14 ~128%C =110%¢ 
3-18 Hg0g-HgQ, 58-3-18 -140%C -110% 
¥.B.C,  MO-NO, Solid line =268°C =268%C 
F.B.C, MONO, Dotted line 268% warmup 
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completely upon warming as shown by the dotted line. Furthermore, they 

suggested that these two bands may belong to the unstable molecule ONoNd. 
According to their suggestion, since the higher the temperature, the less 
stable the molecule OHONO, these splitting should be observed more fre- 

quently in the lover tenperature rune than in the higher tenperature russ. 
However, our result indicated otherwise. 

he 1720 cn" Band: ‘the medium intense bend at 1720 en”! was 
observed in a rether difficult region to be identified because it was not 
ealy close to the strong 1752 cu~! bend of 820% but also overlapped with 
the background absorption due to atmospheric water. In most spectra, 
it appeared as a shoulder of the 1752 ca”! band and sometines hidden 
completely by this #20, bead. However, « sharp and well separated band 
wee obtained whea the coacentration of N20, was greatly reduced and a 
moderate concentration of 1,0; was maintained as shown in Plate VII. The 
bend disappeared conpletely when the window wes warmed from about -135% 
to about -115°C and recooled to the original temperature. 

The 1612 cou! and 1602 cum! Bends: A sharp, strong band was observed 
at 1602 em”!, this bead could be assigned to the nitrogen dioxide group 
entisymeetric stretching mode. In most of low temperature runs, the bend 
usually appeared as a single bend with the absorption maxinum at 1602 
eo"!, im higher temperature runs, however, the bend was eplit iate two 
distinct bends with maxima at 1619 can! and 1579 en*). the band contour 
was very sensitive to temperature changes. In Plate VI, four different 
epectra which were taken at different temperatures are shown. ‘Siace con- 
centrations were not the same, « quantitative comparison could not be 


wade, but the overall temperature dependence of the bead was apparent. 
At liquid helive temperature, this baad shifted about 23 en=! to low 
frequency side according to the report of Fateley et al. (5). 

The 1300 cn! Band: A sharp, symmetrical, and intense band appeared 
at 1300 cu*l, ‘This band could be assigned te the nitrogen diexide 
group symmetric stretching fundamental band. Although its band contour 
was very sensitive to temperature chaages, it appeared always as a single 
band threegheut this experimeat. towever, in a single out of thirty reas, 
the bead coatour was split inte two branches with the separation of about 
23 ewvl. t0 this run, the sauple was condensed at about -152% and the 
spectrus was taken at about -120°C. The spactrus showed acarly pure N263. 

The 1268 cam! Rand: 10 west spectra, this band was completely 
hidden by the intense 1254 on"! u50, band. It could sot be detected even 
when the spectra showed auch higher concentration of 0, than 820%. 
When the shape of the 1254 en*! bend of pure Ng0, spectrum was carefully 
compared with approximately the same conceatration of i.03-12%, spectrum, 
@ definite but weak 1203 band was chserved. In Plate VIII, the appearence 
of the band ie shown. However, in some of relatively pure 6203 spectra, 
the 1254 em™! 20, band hed appeared as a very sharp, single and perfectly 
symmetric band so thet ao everlapping or hidden band was likely te be 
present. Therefore, this band might be a bend which was saasitive to teup- 
eratere or due to an inpority. 

The 1044 oo"! Bend: A medium intense band was observed az 1044 
en"l, the band overlapped extensively with four weak bends of 1704(1061 
enw?, 1042 em! 1026 cum! and 1611 cnn!) and two bands due to Dow Corning 
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high vecuun grease (1125 an”! and 1073 euw!). The impurity bend bad 
appeared as 9 very brood bend ranging frow 1150 en~! to 950 enm!. the 
shape and the intensity of the 1064 cn”! band was markedly changed de- 
pending on the concentration of H2% end the impurity. 

The 802 em! Band: In most runs, this band appeared os « shoulder 
on the 782 can! tg0, bend. However, when the spectrum showed relatively 
pure 120, its absorptica maximum wes separated from the 762 en”! bend. 
The appearance of the band was greatly affected by several factors such 
as the concentration ratie of Nig0y to 2%, the methed of sample con- 
densation and the teuperature of the window. 

The 782 cum) Band: A sharp, strong band was observed at 762 cami, 
This bend was always eccaspanied by « fairly strong shoulder on the high 
frequency side at about 602 cm=! and followed by a very intense 204 bend 
at 752 cuv!. This band was the only strong band which did aot exhibit the 
band contour splitting in high temperature runs. It could be assigned to 
the aitrogen diczide group deformation mode. 


Potassium Bromide Prism Regica 


A medius intense absorption bend was observed at 625 cam]. since 
the spectrum of pure %204 showed no absorption in this region, it wes 
assigned to %20,. The band was independent of temperature changes and 
could always be reproduced withia one wave ausber. 


Cesium Bromide Pries Regica 


The 332 cum! Bend: A weak band was observed et about 532 can}. 
 ‘Thie bend was not only near the 512 em@! 0, band but the absorption wes 
further complicated by the proneunced background absorption due te atmos- 
pheric water. The bend hed nearly the seme intensity as the 512 ca”! 
N20, band, and both bands appeared as a single broad band in some spectra. 

The 496 ew! Bind: A mediue intense band was observed at 406 cam! 
which was the region of nitrogen dioxide group wagging vibration. Although 
the band was broad ead overlapped with the strong #0, bend at 440 cn“! 
end with the atwcspheric water bands, it could be chserved with on accuracy 
of ene wave number. However, in ene run, the band maximum wae shifted ebout 
six wave numbers to the high frequency. 

The 320 em") Band: A very broad, wodium intense band which hed the 
absorption maximm at about 320 em! was observed only once on the spectrus 
which wae taken et about -115%C after the sample was condensed at about 
“138%, This bend was shown in dotted line on Plate IV B. It was inter- 
esting te mote that this band end the shifting of 406 cum] were observed 
on the sane spectrum. 


The infrared absorption spectrum of solid H20, from 2. to 35.4 are 
shown in Plate IV A and IV 8. The frequencies of the observed absorption 
waxine ot two different temperatures are given in the first and seccad 
columns of Table 3. In the third colum, the relative intensities as well 
as the overall band shapes are indicated. 


Previous data on solid 1,0, at -180°C by Suyder and Hisatsune, at -268°C 

by Pateley et a1. and gaseous B20, et room temperature by D'Or and Tarte 
ace Listed for cenparises. 

Im this work, the quantitative study of temperature dependence of the 
spectre or the intensity changes ef eech sheorption bend due te concentration 
changes could not be made, but an overall effect of these changes was de- 
duced from e large number of spectra which were taken at various experimental 
conditions. 

The spectra of solid 8,0; always ehowed four intense bands presumably 
fundenentels, at 1857 cx, 1602 em~!, 1300 em~! end 782 em@]. These bands 
can be assicned readily as the nitric oxide group stretching, the anti- 
symmetric stretching in the dioxide group, the symmetric stretching in the 
Same group end the nitrogen dicxide group deformation, respectively. The 
assignment of the renaining bends mst wait further experiments! work and 
theeretical consideration. 

The relative intensities ef the bands depend quite markedly on such 
fectors as the concentration ratio of N20, te %2%,, the temperature of 
the window during che deposition of the sample, the method of sample con- 
densation, and the subsequent temperature of the sample during warmup. The 
spectrum showed significant differences depending on the tewperature. There 
wes @ general tendency fer most B20; absorptions to sharpen when the temp- 
erature wes above -110°C compared te that at -130%. Certain ebeorpticas 
(2889, 1720, and 802 em!) showed characteristic contour changes such as 
disappearing or weakening upon warming. Other absorptions (1886, 1848, 
and 320 en@!) which did not exist at one tenperature appeared as fairly 
strong bends at another temperature. 


Table 3. The absorption maxima of dinitrogen trioxide. 


Observed : $8. (eo) FBC. (>) 8.5. (ec) 
see Foe ee L553 hile. = 2, OC Ley. 


; = 
3176 3175 we 
2289 2362 ¥ 
2e0i 2865 ¥ 
2585 we 
~2490 ~ 2492 w 6B 
2126 ~2138 e 2030 2104 
1886 s 1905* 2053 
1657 {urs 2 1870 « 186) 1830 
1848 FI 1829¢ 
i726 1724 a oh 
1662 1619 o 1990 s 16244 1615 
is79 & 1596 
1360 1301 s 1304 6 1303 1309 
12687 we 1290" 
~ 1044 “A657 a 8 
io ~$04 & sh 
782 781 g 782 «2 788 770 
625 625 au Te7* 
532 $32 w 
406 407 = 
vo wary, B= 


¢ 2 baad assigned to the unstable ON0H0 molecule. 

(a) Supder and Hisateune: (2). 

(b) Pateley, Bent and Crawford: (5). 

(e) D'Or end Tarte: @). 

Such irregular behavior of i,0, spectrum might be interpreted in tems 
of phase transition of Hy0, es reported by Reed and Lipscomb (11) or in 
tems of two different structures, i.e. Gli-N0, and ONOHO as reported by 
Fateley et al. (5). Although there was striking similarities in the spectrum 
aud good agreement in the frequency walues of intense bands between the data 
of Fateley, Bent end Crawford end the unusual spectra ebteined in this work, 
which would support their propesal, the stability of the twe molecular 
species of 820, must be investigated further. 
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the infrared absorption spectrum of a polycrystalline film of 
disitrogen trioxide in the neighborhood of the reperted phase transitica 
temperature of -125°C was studied in the region from $000 em=! te 300 anv! 
Tha study of the spectrus of dinitrogen triexide in selid phase required 
a@ high vacuums system end low temperature epparates with special handliag 
techniques because thie compound wae very unstable, chemically reactive 
at ovdinary temperature, and hed a low boiling poiat. 

The polycrystalline file of dinitrogen triexide was obtained ty 
condensing either a reaction mixture of 9 stoichiometric amount of nitric 
oxide and cxygen or a gee mixture of nitrogen dicuide with on excess of 
aitric oxide onte the surface of the cold wisdow in s low temperature 
selid celi. 

Since equilibria existed between uitric oxide nitroges dicuide and 
dinitrogen tricuid: and between aitrogen diczide and dinitrogen tetroxide, 
the spectra always showed presence of both dinitrogen tricuide and 
dinitrogen tetroxide. Siceteen absorption bands were identified as 
dinitrogen trioxide bends by comparing the spectra of dinitrogen triouide- 
dinitrogen tetroxide solid mixture with that of pure dinitrogen tetroxide. 

The spectra were found to be influenced by seversl factors euch as 
the concentration ratio of dinitrogen trioxide te dinitrogen tetroxide, 
the temperature of the cold window during the deposition of the sample, 
the methed of sample condensation, and the subsequent tempereture of the 
sample during rons. A qualitstive study of temperature dependence of the 
spectra showed thet dinitrogen trioxide could exist as a stable solid 
without eny diescciation er ree-t!on with the window provided the temp- 


etature of the window was below about -110%C, The occurrence of @ phase 
transition was supported by slight differences between two sets of spectra 
which were taken at about -130% and -110°C, bet the exsct transition 
tempersture could not be determined. Furthermore, some spectra supported 
the existence of two different molecular species of dinitrogen trioxide, 
i.e. OHNO, and OWONO, depending upon the experimental conditicus. 


